This paper is based on the Darboux transformation of the Kundu-Nonlinear Schrödinger equation. The rogue wave solutions are obtained from periodic seed solutions. After that, the higher order rogue wave solutions of the Kundu-Nonlinear Schrödinger equation are given. Finally, we show that free parameters in eigenfunctions can adjust the patterns of the higher order rogue waves.
Introduction
It is remarked that the Darboux transformation is an efficient method to generate the soliton solutions for integrable equations [1] . The determinant representation of n-fold Darboux transformation of AKNS system was given in [2] . Recently, the rogue waves observed firstly in the ocean [3] , have been also studied extensively in several fields, such as optical system [4] , water tanks [5] , Bose-Einstein condensate [6] [7] ,space plasma [8] , and even in a financial system [9] . It can be well-described by the analytical expressions for the spectra of breather solutions at the zero point. Furthermore there are several interesting patterns of the higher order rogue waves [10] . In this paper, we shall study the rogue waves of the Kundu-Nonlinear Schrödinger(Kundu-NLS) equation, (1) where  is a arbitrary gauge function, denotes the complex conjugate of Q.
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In Section 2, the Lax representation and two-fold Darboux transformation of the Kundu-NLS equation will be given. In Section 3, From a periodic seed solution, breather solutions, the first-order rogue wave and higher order rogue wave solutions of the Kundu-NLS equation are given. The higher order rogue waves can be separated into some different types by adjusting free parameters in eigenfunctions. The final Section is a short summary.
Lax Representation and 2-fold Darboux Transformation of the Kundu-NLS Equation
Now, we concentrate on the Kundu-NLS equation.
The linear eigenvalue problem of Kundu-NLS equation can be expressed in the form of Lax pair M and N as 3 0 Firstly, let us consider a matrix T of gauge transformation for the spectral problem (2) and (3) with the following form [1] .  T [1]  [1] New function is supposed to satisfy [1] ,
, we obtain
This implies that, under the transformation [1]    T [1] , it is crucial to construct a matrix T so that M and have the same forms as that M and N. At the same time, the old potentials(or seed solutions) in spectral matrixes 95 [1] M and . With the help of symbolic computation, MAPLE, after some analysis and some calculations, the two-fold Darboux transformation of Kundu-NLS equation can be represented as follows: , 
Note that the above determinant representation is given by solving following algebraic equations, ,1   2  2  1  2  3  4  ,2 ( ; , , , ) 0 
Here,
n denotes the number of the steps of the multi-fold Darboux transformation,
are some free parameters and  is a infinitesimal parameter. We would like to construct more complicated wave functions to derive more meaningful solutions in the following part, so we mix these four series of wave functions together to derive new functions and :
It can be proved that 1,1  and 1,2  are also the solution of Lax equations with spectral parameter  . Using these two wave functions 1,1 and 1,2 , the onefold Darboux transformation will lead to the construction of breather solutions. Next, substituting However, it is highly non-trivial to construct higher rogue waves from the higher order breathers because of the multi-degeneration of the eigenvalues. Similar to the case of the NLS equation, the determinant representation of the Darboux transformation provides a useful tool to calculate this tedious expansion. Value
 is a zero point of the eigenfunction 1,1 , 1,2   , and all   j    with  denoting a small parameter when we consider the degeneration of the eigenfunction. Therefore, let the first and second rows in expand into the second power to [2] Q  and the third and forth rows expand into the third power to  . By the two-fold Darboux transformation, we can obtain the second order rogue wave solutions of the Kundu-NLS equation. Here, we can only draw the graph the second order rogue wave solutions of the Kundu-NLS equation in Figure 2 . Similarly, we can obtain the third order rogue wave solutions of the Kundu-NLS equation.Choose
, the graph of the third order rogue wave solutions of Kundu-NLS equation is drawn in Figure 3 .
Until now, from the first order rogue wave to the third order rogue wave, basic modes have been given when 1 . But
has different values in different 1,1 and 1,2 . Next we discuss the impact about 
Summary
In this paper, based on the Darboux transformation of the Kundu-NLS equation, the rogue wave solutions of the Kundu-NLS equation are constructed explicitly from periodic seed solutions. Some free parameters in eigenfunctions can adjust shapes of the higher order rogue waves such that it can be separated into some single rogue waves. These may have very important meaning in physics and it deserves further studying.
